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A  CO^PiERCIAL  TEST  OF  A   THBEE  JTJ^TDRSD  AND  ^IPTY 
HORSE  PO'iZER  BOILER, 
In  presenting  this  thesis,  we  desire  to  shov/  the  ef- 
ficiency and  evaporation  of  a  350  H.P,  Stirling  Boiler,  with 
a  Chain  Grate,  at  various  loads.  This  test  is  of  a  strictly 
cominercial  character  and  is  not  intended  to  "be  a  scientific 
research  from  which  a  complete  heat  "balance  could  he  deduced. 
DESCRI?TI0?I  OE  BOILER  A;^  SETTI:^Ct, 
The  Sti:'-ling  Boiler  upon  which  this  test  was  ma.de  was 
one  of  five,  located  in  the  power  plant  of  Ar:aour  Institute 
of  Technology,  at  Chicago,  Illinois.   The  hoiler  consists  of 
three  a^jper  or  steai-n  drums,  and  one  lower  or  mud  drum,  con- 
nected hy  3  1/4  inch  lap-welded  mild  steel  t(^■bes  hent  in  such 
a  manner  as  to  enter  the  dr^Juns  radially.  The  three  upper 
drums  are  connected  "by  steam  tuhes  and  the  first  two  have  a 
set  of  tubes  joining  them  helow  the  water  line.  The  steam 
drums  are  connected  hy  water  tuhes  to  the  mud  drum.   The 
druras  are  each  3  feet  6  inches  in  diameter  and  13  feet  in 
length  and  ar^  constructed  of  the  "best  quality  of  flange 
steel.  There  are  two  himdred  and  fifty  water  taoes  and  twen- 
ty steam  tuoes  which  furnish  a  heating  surface  of  approximate- 
ly 3500  square  feet.       19485 
^       The  feed  water  is  admitted  in  the  rear  upper  drum  and 
steam  is  taJcen  off  from  fhs  middle  drura  on  which  two  safety 
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valves  are  also  placed.   The  Tolow-off  pipe  is  located  at  tlK? 
■bottom  of  the  mud  drum.  There  is  a  manhole  in  one  end  of  each 
drum  for  the  purpose  of  inspection  and  cleaning. 

The  iDOiler  is  inclosed  by  a  hrick  setting  having  the 
following  dimensions:-  Length  18  feet  3  inches,  Width  15  feet, 
Height  18  feet  5  l/2  inches.  The  "boiler  is  not  supported  ^oy 
the  "brickworlc  hut  rests  upon  wrought  i.rt>n   herds  carried  hy 
wrought  iron  columns  having  cast  iron  foundations.  The  weight 
of  the  lower  drum  is  susta,ined  by  the  tubes  so  tliat  it  is  free 
to  move  and  thus  take  care  of  any  unequal  expansion  or  con- 
traction that  may  ta-<e  place. 

A  chain  grate  rnanuf actured  by  the  Green  Engineering 
Company  is  used  ir.   connection  with  the  boiler.  This  gra,te  is 
9  feet  wide  and  9  feet  2  inches  long,  giving  an  area  of  82-1/2 
square  feet.   The  coal  is  fed  onto  this  grate  from  a  hand 
filled  hopper  extending  across  t'le  front  of  the  boiler.  The 
depth  of  the  fire  is  r'jgulated  ^oy  an   adj  istable  sheet  iron  gate 
A  fire-bricK  arch  projects  over  the  grate  to  within  1  foot  of 
the  first  row  of  tubes.  This  arch  absorbs  heat  and,  becoming 
incandescent,  ignites  the  green  fuel  as  it  is  fed  into  the 
furnace.  Pire-brick  baffles  are  placed  on  the  tubes  in  such  a 
manner  that  the  gases  are  constrained  to  pass  up  the  first  set 
of  water  tubes,  down  the  second,  and  across  the  third.  The  hot 
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gases  are  thus  "brought  into  intimate  contact  with  all  of  the 
heating  surface. 

The  draft  is  produced  "by  a  175  foot  hricV  stack  connected 
to  the  boiler  'oy   a  sheet  steel  breeching,  A  damper  located  in 
the  breeching  iiav  be  used  to  rtjgulate  the  draft . 

A  boiler  of  this  type  has  mfuiy  advantages  over  other  v/ater- 
tabe  boilers.   As  all  of  the  tabes  enter  directly  into  the  st.?a:!i 
drums,  disengagement  talces  place  at  a  low  velocity  and,  therefore, 
so  little  entrained  moisture  is  ca.rried  up  that  t^:E  use  of  a  dry- 
pipe  is  unnecessary.   Scale  does  not  readily  adhere  to  the  tubes, 
which  are  nearly  vertical  and  through  which  there  is  a  rapid  cir- 
culation of  vvater,  but  gravitates  bo  the  mad  irum  and  is  re- 
moved through  the  blow-off.  The  tabes  are  arranged  in  parallel 
rows  thus  facilitating  cleaning,  and  as  each  set  is  but  four  tubes 
deep  it  is  never  necessary  to  destroy  more  than  one  perfect  tube 
in  replacing  a  defective  one. 

TDESCRIT^T  COAT  0?  AUXILIARIES. 

The  feed  v;ater  s up^'li'^d  bo  the  boiler  is  taken  from  the 
returns  of  the  heating  system  and  the  ma3.ce-up  water  is  passed 
through  a  Webster  Vacuum  Heater  of  the  induced  type.  This  feed 
water,  having  an  average  temperature  of  ap  or  ox  innately  210  P.,  is 
then  forced  into  the  boiler  o'j   a  Smith  and  Vail  Duplex  Pump. 

Coal  is  transferred  directly  from  t'-^  cars  to  the  boiler 
room  floor  level,  from  which  it  is  shoveled  into  the  hopper. 
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The  ashes  are  v/ithdravm  i^y  hand. 

The  c^'iain  grate  is  op-^.ratitsd  07  a,  3  H.P.  vertical  steam 
engine,  the  speed  of  which  is  controlled  "by  a  fly-hall  gov- 
ernor. By  adjusting  this  governor,  the  rate  of  travel  of  the 
grate  is  easily  regulated.  This  engine  is  "belted  to  a  jaclc- 
shaft,  and  an  eceentrlc  on  this  sliaft  is  direct-connected  to 
a  rocker- arm  which  opera,tes  the  grate  through  a  ratcjiet  and 
train  of  gears.  The  connection  between  the  eccentric  rod  and 
the  rocker-arm  is  adjustable,  30  that  the  grate  speed  niay  he 
changed. 

DESCRIPTION  A^  LOCi^TIOlT  0?  TBSTUsTG  APPARATUS. 
Por  the  purpose  of  testing  this  "boiler,  it  was  necesssr", 
to  install  the  following  apparatus: 

Throttling  Calorimeter, 

Pressure  Gauge, 

Draft  Gauge , 

Recording  Thermometer, 

Water  Meter, 

The rmo me t e r  Cup , 

Pe r  r^   Pyr  o-<i:,fi t  e r  , 

Platform  Scale , 

Coal  Bin  for  "^/eighed  Coal, 

Revolution  Counter, 

Ados  CO2  Apparatus. 


(5) 


The  throttling  calorimeter  used  was  a  Barrus  Universal 
Steam  Calorimeter.   This  differs  from  the  ordinary  throttling 
calorinieter  by  having  eui  extra  thermoineter  well  which  projects 
into  a  chamber  on  the  pressure  side  of  the  orifice.  Thus,  hy 
means  of  tv/c  mercurial  therraoraeters,  the  teraperatures  of  the 
normal  and  superheated  steam  may  be  obtained  simultaneously. 
Two  holes  were  drilled  and  tapped  in  the  vertical  section  of  a 
T  directly  above  the  boiler  nosp^.le.   A  standard  collecting  nipple 
for  the  calorimeter  was  inserted  into  the  lower  opening  and  a 
"goose-neck"  for  tlie  pressure  gauge  was  screwed  into  the  upper. 
The  press  iJire  gauge  used  was  a  150  pound  calibrated  Bourbon  test 
gaure  with  a  3  l/2"  dial  graduated  to  read  in  pounds. 

A  v;ater  nanometer  cf  the  ordinary/  U  form  with  a  scale 
graduated  to  read  to  1/4  inch  was  used  as  a  draft  gauge.   The 
force  of  the  dra-ft  was  obtained  by  connecting  this  to  a  l/4 
inch  pipe  inserted  in  the  breeciiing  directly  over  the  damper. 

To  obtain  the  temperature  of  the  flue  gas,  a  hole  was 
drilled  in  the  breec^iing  as  close  to  the  setting  as  possible, 
and  into  this,  the  sen-3ltiT^  bulb  of  a  Bristol  Recording  Ther- 
mometer ¥/as  inserted.  This  bulb  is  connected  by  a  flexible  cap- 
illary tube,  25  feet  in  length,  to  the  standard  8  inch  ther- 
mometer. This  thermom.eter  consists  of  a  helical  Bourbon  tube, 
filled  v/ith  an  inert  gas,  connected  to  a  pen  whic}i  traces  a 
curve  on  a  chart  operated  by  a  clock  movem.ent .  The  chart  is 
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graduated  to  read   in  Pahrenheit    degrees,    and  ras-kes   a  continuous 
record  for  twenty-four  hours. 

A  'Worthington  Meter  was  used  to  measure   the   fe.'.d  water. 
This   meter   is   calilDrated  to   indicate   U,    S-   Standard  Gallons.   The 
feed  piping   is    so  arranged  that   the   wa-ter   can  go   tlnrough  the 
meter   or  he   hy-passed  directly  to  the   'ooiler.      This  arrangement 
is  shovm  clearly  in  the    ac company ing  diagramatic   sketch  of  the 
piping,     Provision   is  2nade   for   obtaining  the   temperature    of 
the  feed  water   hy   the    insertion  of   a  hrass   thermometer   cup   in 
the   feed   line   as   shoinm, 

A  revolution  counter  was  attached  to   one    of   the   train  of 
gears  v/hich  operate   the   grate   and  by  means    of   the  gear   ratio, 
the  speed  of    the  grate   could  he  determined. 

A  platform  scale  of  2000  pounds  capacity,  a  v/heelharrow, 
and  two  galvanized  iron  baskets  v/ere  provided  for  weighing  the; 
C08.1  used  during   the    test. 

The  percentage   of   carbon  dioxide   in  the  flue  gas  was 
determined  by  laaans   of  an  Ados  Recording   Co,  Apparatus   cali- 
brated  vdth    an  Orsat.  Apparatus. 

The  Ferry  Pyrometer  was   used  to    obtain   the   temperature; 
of   the  furnace. 

lyETHOIi  OF   TSSTIWG  BO  I  LEE. 

This  test   was  made   to  conform  as   nearly  as   possible 
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with   the   standard   code  of  the  Afuerican  Societj^  of  Mec)mnlca.l 
Engineers   for  Boiler  Testing. 

Previous   to  the    test    all   apparatus  was   carefully  cali- 
"b rated.      The  thermometers  v/ere   compared   with    a  standard  ther- 
inDineter  "by  heating;    them  in    m   oil  hath  and  the  gauge   T/as   cali- 
h rated   on   a  Croshy  Gauge   Tester.      The  neter   was   calihrated  hy 
comparing   the  weight   of  water,    forced    through   it    at    a  rate    aid 
temperature  very  close   to   those  used   during  the    test,    with  the 
weight  corresponding  to    the  meter   reading.      The  platform  scale 
was   checked  with   standard  weights.      The  accompanying  data  and 
curves    s'aow  tlie   necessary    corrections. 

ii^efore   commencing  to   record  data   on  any  run  the  "boiler 
was    op'^rated    at    the  desired  load   for  as   long  a  period  as  was 
possihle.     During    this   time   any  inconsistency  in  the   reading    of 
apparatus  was    noted   and   corrected.        All  conditions  :ria.ving  he- 
come  constant,    the   coal   in  the  hopper  was   leveled    and   the  heigl-it 
of  v/ater   in   the   gauge-glass  was  marked,        A  ree,ding  of   tlie   water- 
meter  was   talcen  at   this   time  and  only  v/eighed   coal  was   su^bse- 
quently  fired.      Throughout    the  run  the  following  ohservations   were 
made  at    regiilsr   intervals  :- 

Time, 

Water  Meter  Reading, 

Weight  of  Coal, 

Draft , 
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Depth   of  5^1  re, 
Speed  of  Grate, 
Percentage    of   Cog , 
Temperature;  of  External  Air, 
■*  "     Boiler  Room, 

"  "     Peed  Water, 

"  "     ?lue   Gas, 

"  "      SteaiG  in   Calorimeter. 

Before  the  final  readings  of  any  run  were  made,  the 
coal  in  the  hopper  was  again  leveled  and  the  feed  water  brought 
to   the   same   larel  as    at    the  beginning   of  the   test. 

At   first,    the   coal  was  weighed   in    a  whe  el  "bar  row 
and  dumped   into  a  bin  from  vhid-i   it  was    shoveled   into    the  hop- 
per,   but   as  this   necessitated   shoveling  the  coal   twice,    it  was 
thought  advisable  to  weight    it  in  bu-hel-baskets  and.   empty  these 
directly  into    the  hopper.     An  average   sanple    of  the  coal  used 
was   taken   and   from  this   the  heating  value  v/as   obtained   in  a 
Mahler  Bomb  Calorimeter,      In  addition  an  analysis  was  made   for 
the  percentage   of  moisture   and   ash,    and  no   attempt  was  made   to 
weigh   the  refuse   passing   through  the   grate. 

The   services    of   three  men  were    required  to   collect 
the    data.        The  following  scheme  shows  the  duties    of  each  man 
during  a  run:- 
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Director  of   Test. 
(a)     Keep   General  Log. 
(To)      OlDserve:- 

1.  Time 

2.  Water  Meter 

3.  Peed  Water  Temperature 

4.  Air  Te literatures 

5.  Plue   Gas  Temperature. 

6.  GarlDOn  Dioxide 
Pirst  Assistant. 

(a)      Weigh  Coal 

(Td)   Maintain  Steam  Pressure  Constant 

Second_ Assist ant . 
(a)   OlDserve:- 

1.  Calorimeter 

2 .  Draft. 

3.  Depth  of  ?ire- 

4.  Speed  of  Grate. 

The  general   or  running  log  was  Icepjk  'bj'"  the  director  of 
the   test    ^who    tabulated  thereon  the  data  of   the   other   observers 
In   this  manner  any  inconsistencsr  would  immediately  become     evi- 
dent. 

DISCUSSION   0?   RESULTS. 
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The  results  of  this  test  may  conveniently  "be  divided  into 
two  parts,  the  first  part  to  include  the  first  three  runs  and  the 
second,  the  last  t^vo ,  This  diYision  is  xuade  l^ecause  the  c  condi- 
tions of  operation  were  changed  after  the  third  rixn,      During  the 
first  three  runs  the  "boiler  was  operated  under  the  usual  condi- 
tions and  the  water  rate  was  found  to  he  very  low.   The  cause  of 
this  low  evaporation  was  that  the  air,  instead  of  passing  through 
the  grate,  was  passing  arou.id  the  rear  end.  A  damper  which  would 
force  the  air  through  the  fire  was  therefore  inserted.  The  effect 
of  this  upon  the  efficiency  and  evaporation  is  very  marked,  as  dur- 
ing the  first  three  runs  the  efficiency  was  about  twenty  percent, 
while  in  the  last  two  it  increased  to  ahout  fifty-five  percent 
with  an  accompanying  increase  in  the  water  rate  .  There  was  also 
another  indirect  cause  for  this  increase  in  eff iciciency,  namely, 
duri-ig  the  first  thr-ae  ri>ins  the  hoiler  would  only  carry  about  one 
third  of  its  rated  load  and  at  light  loads  the  efficiency  is  low. 
During  the  i-st  two  r-ons  the  boiler  was  working  at  an  over  load  and 
the  efficiency  was  ccnsequently  higher.  On  account  of  this  change 
in  conditions  the  relations  existing  between  load  and  efficiency 
cannot  be  satisfactorily  shown  graphically. 

It  will  also  be  noted  that  there  was  an  increase  in  the 
percentage  of  COp  during  the  last  two  runs  which  indicates  tlnat  the 
damper  was  effective  in  producing  a  better  combustion. 
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As  the   openings  through,  the  grate  were  very  s^''a.ll  it  was 
found  i'lipossiol.-?,  even  with  a  v/s  inch  dra^ft  in  the  hreeching,  to 
maintain  the  load  with  ?iore  tha:i  a  4  l/4  inch  fire. 

While  the  average  quality  of  the  steai-a  is  practicall:.'-  con- 
stant, for  all  runs  the  readings  of  the  calorimeter  showed  a  con- 
siderable variation  in  qimlity.  This  was  prooahly  due  to  the 
surging  of  the  water  in  the  hoiler.   The  feed  water  "being  very 
close  to  212  jp ,   the   factor  of  evaporation  was  nearly  unity. 

During  the  later  part  of  the  last  run  the  teinperature  of 
the  furnace  was  ta'Kien  with  a  ^firry  'Pyrom^iter ,      The  average  terap- 
erature  was  found  to  he  2490  ?.  while  the  calculated  temperature 
was  1750  P.  This  difference  was  prooably  due  to  the  fact  that  the 
Ados  apparatus  was  n<:t  working  properly. 

Tn  working  up  this  thesis  the  following  references  v;ere 
cons  alt  ■-id  :- 

Calorimeters  -  Schaeffer  &  Bud^nherg. 

Helios  -  Heine  Safety  Boiler  Co. 

Handhook  -  Kent. 

Steam  Tahles  -  Peahody. 

Stena  Boilers  -  H,  deB.  Parsons. 

Stirling  Boiler  Co,  Catalogue. 
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CALIRRATIONS. 

A  correction  of  -4,2^  should  "be  made  on  water  meter 
total. 

The  grate  moves  5  feet  for  every  5.5  revolutions  in- 
dicated "by  the  counter. 

The  following  curves  are  the  cali^bration  curves  of  the 
thermometers  and  the  gauge. 

The  platform  scale  was  found  to  be  correct. 


^ 


%i 


The  following  talDle  shows   the  resvilta  of   similar  tests 
upon  boilers   of  various   types. 
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